Acquired Gitelman's syndrome (GS) associated with Sjögren syndrome (SS) is rare. A 50-year-old woman was admitted to our department because of nausea, acratia and sicca complex. Laboratory tests after admission showed renal failure, hypokalaemia, metabolic alkalosis, hypomagnesaemia and hypocalciuria, all of which met the diagnostic criteria for GS. Diagnostic evaluation identified primary SS as the cause of the acquired GS. Light microscopy of the renal tissue from the patient showed severe membranoproliferative glomerunephritis and tubulointerstitial nephritis. Immunohistochemical staining of the renal tissue showed the absence of sodium-chloride co-transporter (NCCT) in distal convoluted tubules. Genetic analysis of chromosomal DNA extracted from the patient's peripheral blood showed SLC12A3 gene heterozygous mutation. The reported case was comprehensively analyzed on the basis of the clinical features, and laboratory, pathological and genetic test findings. The patient has achieved a complete remission after meticulous care and appropriate treatment.
CASE REPORT
A 50-year-old woman was admitted to our department because of nausea, acratia, dry eyes and dry mouth for 2 months. She previously had been healthy without hypotension and hypertension, except that she began wearing false teeth at the age of 42 years because of rampant dental caries. No diuretics were used before diagnosis.
Laboratory results after admission are indicated in Table 1 . Hypokalaemic metabolic alkalosis, hypomagnesaemia and hypocalciuria met the criteria for Gitelman's syndrome (GS). Serum creatinine was 227umol/L. Plasma renin activity and aldosterone level during rest periods were 1.2 μg/L per h and 331.92 pmmol/L respectively. No hypoproteinaemia, dyslipidaemia and thyroid dysfunction were detected.
Immunologic tests showed that antinuclear antibody and double-stranded DNA antibody were negative, and anti-Ro Light microscopy and immunofluorescence microscopy of kidney biopsies suggested membranoproliferative glomerulonephritis (MPGN) with crescent formation and severe tubulointerstitial nephritis (TIN). Immunohistochemical staining of the renal tissue showed the absence of the sodiumchloride cotransporter (NCCT) in the distal convoluted tubules, which is consistent with the diagnosis of GS (Fig. 1) .
After obtaining informed consent from the patient, genomic DNA was extracted from peripheral leukocytes for SLC12A3 whole genome sequencing (Jinyu, Shanghai). Surprisingly, the patient has a heterozygous C to A base pair substitution at position 545 in exon4. This mutation causes a Thr to Lys substitution at position 180 (Fig. 2) .
The patient was treated with prednisone at an initial dose of 1 mg/kg per day orally (which was tapered gradually until discontinuation), and intravenous dripping of cyclophosphamide (CTX) at a dose of 0.8 g per month. The treatment lasted for 12 months. In the first 3 months, serum creatinine, 24-h urinary protein and immunologic parameters recovered rapidly, but hypokalaemic metabolic alkalosis, hypomagnesaemia and hypocalciuria still existed. After adding potassium chloride, spironolactone and angiotensin II receptor blocker to the therapeutic regimen, and 6-month continuous treatment of immune-suppression, the patient's blood gas and serum electrolytes recovered. Interestingly, after the patient stopped taking any medication, the symptoms of dry mouth and dry eye, with hypokalemia, hypercalcaemia and hypocalciuria emerged again, but without albuminuria and renal hypofunction. This time, the patient was treated with low dose prednisone again. During the follow-up, the serum electrolytes recovered again.
DISCUSSION
Primary Sjögren syndrome (pSS) is an autoimmune disorder characterized by sicca symptoms (eye and mouth dry) caused . MPGN secondary to cryoglobulinaemia, as a consequence of polyclonal B cell activation, is the second most frequent renal presentation in pSS 2 . The patient reported herein was confirmed to have pSS by the clinical manifestations, laboratory tests, and lip biopsy. The renal biopsy also showed severe renal involvement, with a combination of TIN and MPGN. Besides, she had unexplained electrolyte disorders. Taking into account the presence of hypokalaemia, metabolic alkalosis, hypomagnesaemia, hypocalciuria and increased aldosterone indicating the activation of the renal-angiotensinaldosterone system, we suspected the patient as having GS.
Gitelman's syndrome is a kidney disorder characterized by hypokalaemic metabolic alkalosis with hypocalciuria and hypomagnesaemia due to loss of function mutation of SLC12A3, which encodes the apical furosemide-sensitive NCCT located in the distal convoluted tubule 3 . GS mainly develops with a homozygous mutation or compound heterozygosity in
SLC12A3.
A wide variety of conditions such as surreptitious diuretic use, laxative abuse, and cyclic vomiting can induce pseudo-GS 4 . Unlike primary GS, pseudo-GS is reversible when the contributing factors are removed 5 . As our patient did not have any of the conditions mentioned above, the diagnosis of acquired GS was suspected. pSS is an autoimmune disease that can lead to several acquired renal tubular disorders, including renal tubular acidosis, Bartter syndrome, and Gitelman syndrome 6 . Acquired GS with autoimmune disease is rare, and only eight cases have been reported in the literature [7] [8] [9] [10] [11] [12] [13] [14] , of which four cases were associated with pSS. One case was associated with anti-SSA positive associated immunity. Among them, three cases underwent a genetic analysis, and no mutations in SLC12A3 were found in two of the cases. However, the heterozygous mutation in SLC12A3 was detected in the case associated with anti-SSA positive related immunity 11 . It changed 1018 arginine to a stop codon in SLC12A3 and resulted in the elimination of the C-terminal in the NCCT. The compound heterozygosity of SLC12A3 could not be excluded thoroughly, due to the possible mutations in the intronic regions. The researcher presumed that the heterozygous mutation could be responsible for the latent hypo-function of NCCT. Interestingly, our genetic analysis of whole genome sequence also showed the patient did have a heterozygous mutation in Thr180Lys which changes the transmembrane region of NCCT. A Japanese group proved that the Thr180Lys mutation was a common mutation in Japanese patients with GS 15 . Also, it was estimated that the prevalence of heterozygotes based on phenotypic expression is approximately 1% in the Swedish and Italian populations 16, 17 . Recently, a case report 18 described a Japanese patient diagnosed as GS was found compound heterozygous mutation involving Thr180Lys (maternal allele) and Ser615Leu (probably paternal allele) on the NCCT protein, while his parents with heterozygous X Gu et al.
mutation were healthy. To some extent, this report also confirmed that only heterozygous mutation of 539C > A in SLC12A3 itself might not result in GS. Another study has also indicated that the heterozygous mutation in SLC12A3 had a significant effect on salt homeostasis and blood pressure 19 . Our report is the second report for an acquired GS with a heterozygous mutation in SLC12A3, indicating heterozygous mutation with SS can cause GS.
To figure out the underlying autoimmune mechanism of SS-induced acquired Gitelman Syndrome, Kim et al. 13 used the immunohistochemical method to show the absence of NCCT expression in the distal convoluted tubules. Interestingly, they also incubated the patient's serum with the normal mouse renal tissue and found that the pattern was similar to that of rabbit polyclonal anti-NCCT antibody incubated to the normal mouse renal tissue, suggesting that anti-NCCT antibody may exist in the serum of patients diagnosed with acquired GS and pSS. To their disappointment, they failed to detect the presence of autoantibodies reactive to endogenous kidney protein by immunoblotting method 13 . Back to our case, we also performed the immunohistochemical staining on the renal tissue of this patient. In contrast to the normal renal tissue, we detected the absence of NCCT expression in the renal tissue of this patient, which is consistent with the findings of previous studies. Our case report may provide additional strong support to acquired GS associated with SS.
Furthermore, steroids in combination with other treatments have proved effective in our patient. The prognosis of this disease seems to be as good as that of the previous case reports. There is also strong evidence that this patient has acquired GS rather than primary GS. This case should also serve to remind clinicians that pSS-associated GS is underreported as a matter of fact 6 . Patients who are diagnosed with pSS and present any electrolyte discrepancies should be suspected as having renal involvement. Especially, appropriate testing is required to detect asymptomatic tubulointerstitial involvement to avoid the occurrence of chronic kidney disease 2 . Also, genetic analysis should be done to exclude primary Gitelman syndrome. The homozygous mutation and compound heterozygosity in SLC12A3 can be attributed to impairment of NCCT and development of GS, while the heterozygous mutation in SLC12A3 might be responsible for the potential hypo-function of NCCTs.
